A procedure is developed for the isolation of intact chloroplast DNA (ctDNA) from Petunia hybrida. The molecular weight, calculated from contour length measurements, is 96.0 + 4 . 5 x 10 daltons. This value is in good agreement with the value of 101.2 x 10^ daltons that was estimated from the electrophoretic mobilities of restriction endonuclease fragments of ctDNA. Analysis of petunia ctDNA in neutral CsCl gradients revealed the presence of only one type of DNA at a buoyant density of 1.6987 +_ 0.0005 gem"
INTRODUCTION
For the study on the genetic organization and regulation of expression of ctDNA genes, involved in chloroplast biogenesis, we use tissue cultures of Petunia hybrida. Such plant cell cultures are valuable tools for the study of chloroplast biogenesis because cytokinin can be used to induce developmental processes that lead to the transition of undifferentiated plastids into chloroplasts (1, 2 ) . In addition, chemical mutagenesis can be employed to isolate various mutants with an altered pattern of chloroplast biogenesis (3) . For the study of the expression of at least part of the chloroplast genome, we can use isolated petunia chloroplasts. Such chloroplasts are able to perform light-driven and ATP-driven protein synthesis (4) . However, for a full understanding of the coding properties and genetic organization of the petunia ctDNA, the physical mapping of genes and the study of the expression of cloned ctDNA in various in vitro systems will be essential. A prerequisite for this research is the availability of a restriction endonuclease map of the ctDNA. Restriction endonuclease maps have been described for the ctDNAs from a number of higher plants, e.g. Zea mays (5) , Spinaoia oleracea (6) , Nieotiana tabaeum (7), Vioia faba (8) and also for the algae Chlamydomonas reinhardii (9) and Euglena gvaoilis (10) . Electronmicroscopic studies and hybridization of chloroplast ribosomal RNA (rRNA) to ctDNA restriction fragments have indicated that ctDNA of Spinaoia oleraoea (11) , Zea mays (12) and Chlamydomonas reinhardii (13) contain two copies of rRNA genes, located in inverted repeat regions. In Pisim sativwn (11) two copies and in Euglena graailis (14) three copies of these genes are present in a tandem array.
Vioia faba (8) contains only one set of rRNA genes.
In this paper we present a procedure for the isolation of intact petunia chloroplast DNA, because methods described for the isolation of ctDNA from other plant species were not suitable for petunia. A restriction endonuclease map of the ctDNA was constructed by using the enzymes Sal I, Bgl I, Hpa I and Kpn I. in a total volume of 51.2 ml. In order to lyse the chloroplasts, 12.8 ml of buffer B containing 10% sodium sarkosyl was added and the mixture was incubated for 1 h at 20 C. (When the chloroplasts contained a lot of starch the lysate was centrifuged at 2,700 x g for 5 min to remove most of the starch grains). The lysate was transfered to polyallomer tubes (8 ml per tube) and 8.4 g of CsCl was added to each tube and dissolved by gently rolling the tubes on a flat surface. Ethidium bromide was added (120 ug/ml) and the tubes were centrifuged in a Beckmann 65H roter at 35,000 rpm for 60 h at 15 C. Under ultraviolet light two fluorescent DNA bands were visible in each gradient. The DNA bands were collected seperataly and extracted three times with an equal volume of isopropanol that had been saturated with CsCl in buffer C (0.01 M Tris-HCl pH 8.0, 1 mM EDTA), in order to remove ethidium bromide. The DNA fractions were dialyzed against four 1 1 changes of buffer C for 40 h at 4°C, followed by ethanol precipitation for 16 h at -20°C. The precipitated DNA was pelleted at 2,700
MATERIALS AND METHODS

Preparation
x g for 20 min at 4 C and dissolved by soaking the pellets in 300 ul of buffer D <5 mM Tris-HCl pH 8.0, 0.5 mM EDTA) for 72 h at 4°C. The same method as described above was used for the isolation of ctDNA from exponentially growing Petunia hybvida cell suspension cultures. Petunia cell suspension cultures were grown as described previously (3).
Preparation of mitochondrial DNA
Homogenates from leaves were prepared and filtered as described above.
The filtrate was centrifuged twice at 1,000 x g for 10 min in order to remove most of the chloroplasts. The remaining chloroplasts (small and disrupted chloroplasts) were removed by centrifugation at 3,000 x g for 15 min. The resulting supernatant was centrifuged at 20,000 x g for 15 min.
Mitochondrial pellets were washed twice in buffer A and resuspended in buffer B. Mitochondria were lysed in 2% sarkosyl and mitochondrial DNA (mtDNA) was purified by dye-buoyant density centrifugation as described for ctDNA. Electron microscopy Chloroplast DNA, purified by CsCl density gradient centrifugation, was prepared for electron microscopy as described by Ferguson and Davis (16) . 50 mM NaCl, 6 mM Tris-HCl pH 7.4, 6 mM MgCl_, 6 mM 2-mercaptoethanol, BSA (100 yg/ml), 1 ul DNA polymerase I (Kornberg polymerase, Boehringer, specific activity 7635 U/mg), 0.01 mM dCTP, dTTP, dGTP and 0.001 mM 5'-a-P dATP (specific activity 400 Ci/mmol) in a total volume of 50 ul.
DNADO I was added to the incubation mixture in a final concentration of 5 pg/50 pi. After incubation for 2 h at 15°C, 5 pi of a 250 mM EDTA solution was added and the mixture was heated for 10 min at 65°C. Ammonium acetate was added to a final concentration of 2M and the labeled ctDNA fragments were precipitated in ethanol for 15 min at -70°C. The precipitate was centrifuged for 15 min at 12,000 x g, dissolved in 250 yl 0.3 M Na acetate (pH 5.6) and again precipitated. The latter step was repeated three times.
Finally the pellet was vacuum dried and dissolved in 50 yl TE buffer. By this method the ctDNA was labeled to a specific activity of about 6 x 10 dpm/yg. The nick-translation procedure causes some degradation of the large fragments, by which these fragments are present in less than equimolar amounts.
Secondary digestion of DNA fragments isolated from LGT agarose gels For the physical mapping of DNA fragments, generated by digestion with restriction endonucleases, the procedure described by Herrmann et al. (19) was modified as follows: About 500,000 dpm of P-labeled primary ctDNA restriction endonuclease digests were mixed with 3 yg of unlabeled primary digests and subjected to electrophoresis on horizontal slab gels, containing 0.5% low-gelling-temperature (LGT) agarose (Seaplaque, Marine Colloids Inc.).
Gels were run at 80 mA for 16-24 h, examined under UV-light, and DNA fragments were cut out. Gel slices containing individual DNA bands were liquified by heating for 2 min at 68 C. The salt concentration was adjusted and secondary digestion was performed with 5-10 units of restriction endonuclease for 1.5 h at 37 C. Reactions were terminated as described above and the samples were subjected to electrophoresis on horizontal agarose slab gels, containing 0.8 -2.0% agarose. Gels were dried under vacuum and exposed to Kodak XR-1 films. 32 Hybridization of P-labeled rRNA to ctDNA restriction fragments 32 The P-labeled rRNA was prepared from E. ooli P678-54(2O) by in vivo 32 labeling with P-orthophosphate as described by Vereijken (21) . The 32 7 isolated P-labeled rRNA had a specific activity of about 6.10 dpm/yg.
Preparation of diazobenzyloxymethyl-paper (DBM-paper), transfer of ctDNA restriction endonuclease fragments to DBM-paper, and hybridization of 32 P-rRNA to DBM-paper strips, containing the transferred ctDNA fragments was performed according to Wahl et al. (22) .
RESULTS AND DISCUSSION
Isolation of petunia ctDNA Methods described for the isolation of ctDNA from higher plants (2 3, 24) were not suitable for the isolation of DNA from Petunia hybrida chloroplasts, probably because these chloroplasts are much more fragile. The DNAse treatment, that is used in these methods to remove contaminating nuclear DNA (nDNA) from the chloroplast preparation, resulted in degradation of petunia ctDNA. Therefore we developed an isolation procedure that lacks the DNAse treatment. Fig. la and b) . This value corresponds with a GC-content of 39.3 +_ 0.5%. The buoyant density of petunia ctDNA agrees with the value of 1.698 +_ 0.001 that has been found for the buoyant density of ctDNA from several higher plants (24) .
Mitochondrial DNA and nuclear DNA were found to band at buoyant densities of respectively 1.7066 and 1.6960 +_ 0.0005 gem ( Fig. lc and d) . The buoyant density of ctDNA and mtDNA differ sufficiently to distinguish both DNA species from each other on analytical CsCl gradients. Therefore it can be concluded from the banding patterns in Fig. la Table 1 ) . The molecular weight found for petunia ctDNA falls within the molecular weight range of 85.2 -103,2 Md, established for ctDNA from several higher plants (26) .
Cleavage of ctDNA by restriction endonucleases. CtDNA was digested with several restriction endonucleases in order to find out which endonucleases cut the DNA infrequently and produce fragments that can be easily In order to improve the detection of small DNA fragments (smaller than 1.0 Md), produced upon redigestion of individual fragments, we used P-labeled primary digests of ctDNA. The isolation of DNA fragments from gels was facilitated by the use of low-gelling-temperature (LGT) agarose (19) . In a typical experiment P-labeled Sal I fragments of ctDNA were separated on 0.5% LGT agarose gels. The DNA bands were cut out, melted, and incubated with Hpa I. Table 2 . From the common double digest fragments, the overlap between the primary Sal I, Bgl I, Hpal and Kpn I fragments could be assigned. This allowed the determination of the order of most of the DNA Table 2 . Relationship between primary restriction endonuclease fragments and double digest fragments of petunia ctDNA. 
Mapping of chloroplast rRNA genes
The major RNAs in the chloroplast ribosomes are 23S, 16S and 5S. Schwarz and Kossel (28) showed that the nucleotide sequence of the 16S RNA gene is strikingly similar for Zea mays chloroplasts and E. aoli. In view of this similarity of rDNA in E. ooli and chloroplasts, p-rRNA from E. aoli was used as a probe for hybridization with DBM-paper strips containing restriction endonuclease fragments of petunia ctDNA to obtain information on the location of the chloroplast rRNA genes. Fig. 6 shows that E. ooli rRNA specifically hybridizes with fragments SI and S3, fragments B7 and B8
and fragments H5 and H6. All these fragments are part of the inverted repeat sequences of petunia ctDNA (Fig. 5) . The hybridization data indicate a sequence homology between petunia ctDNA and E. aoli rDNA. They also strongly suggest that the chloroplast rRNA genes are located within these fragments. Since no hybridization was observed with fragments B3, B9 and BIO, the maximum size of the ctDNA region that could be occupied by these rRNA genes is the 5.3 Md dashed region in the inverted repeats (Fig. 5 ) . A similar location of the rRNA genes in the inverted repeat regions has been found for the ctDNA from a number of other plant species (7, 1 1 , 1 2 , 13, 23)
